Nouralinezhad et al.: Effects of irrigation and nitrogen on yield and water productivity in common bean (Phaseolus vulgaris L.) and cowpea (Vigna unguiculata L.) Abstract. Water is known as a critical and rare source that humans and ecological systems depend on.
Introduction
Agricultural sections, known as the largest consumers of water, create many challenges in producing foods with less consumed water. In recent years, competitions for getting more water sources among industry, agriculture and urban sections have increased, therefore, the optimum water consumption is a priority for the agricultural industry. Legumes, after cereals, are the second main food. The protein content in legumes is two or three times higher than in cereals and Iran is the second largest producer of legumes. Water is a critical parameter which influences these crops significantly (Kotchoni and Bartels, 2003) . Drought stress is known as one of the main reasons for crop loss which leads to 50% decrease in efficiency (Singh, 2007) . Water shortage stress resulted in the Nouralinezhad et al.: Effects of irrigation and nitrogen on yield and water productivity in common bean (Phaseolus vulgaris L.) and cowpea (Vigna unguiculata L.) in north of decrease of growth of the crops and decreased the efficiency (Korir et al., 2006) . About 60% of beans experienced alternative droughts and/or droughts for the end of the season (Beebe et al., 2008) . The vegetative growth period of crops is an important and long period in crop cultivation (Baker and Rosenqvist, 2004) . The decrease of this period in beans resulted in significant changes in growth and biological functions (Baker and Rosenqvist, 2004) . Nitrogen is a critical element and is involved in producing the chlorophyll molecule that plays an important role in photosynthesis (Fageria and Santos, 2008) . One-third of the world's most cultivated lands faces a shortage of water for agriculture, which is characterized by climate change and the increasing population will make this problem more serious in the future. Understanding the detrimental effects of drought on plant processes and mechanisms of drought tolerance in crop species, particularly those adapted to dry conditions will help to improve their agronomic performance by incorporating the superior traits into new species or cultivars (Clavel et al., 2005; Shardendu et al., 2011) . Therefore, identification of plants resistant to dryness or dehydrated condition with proper performance and their resistance mechanisms is one of the most important solutions to combat drought stress. Due to limited water resources and low rainfall in the Country, the prospect is uncertain for agricultural production. According to forecasts, with the warming of the Earth's crust in the Future, the water requirement of plants will increase and the use of water resources will be very limited. Increasing competition for obtaining water and supplying water needs for growth of products should be done with regular irrigation to prevent irrigation from drought and flooding, and provide a basis for optimizing water use (Aujla et al., 2005) . Water productivity is defined as the ratio of dry matter production to water use (Anyia and Herzog, 2004) . water productivity might not provide much information about the competitive or yield advantage of one particular species over another because improved water productivity may actually restrict growth. However, it is one trait that has been studied a great deal because it can give an idea of the variation amongst genotypes in ability where water is limited. Nitrogen plays a critical role in synthesis of proteins and nucleic acids and the shortage of nitrogen is easily seen in old leaves (Fageria and Santos, 2008) . This research aims to evaluate the effect of nitrogen and water requirement on bean crops in the region of the study.
Materials and methods
This study was conducted in north of Iran (Astaneh-ye-Ashrafiyeh) located in latitude 37 and 29 min and longitude 49 and 95 53 min, 3 m below sea level on average in 2016 and 2017. In 2016 and 2017 rainfall was 65.7 and 76 mm, respectively. The meteorology and soil physicochemical traits are shown in Table 1 and 2. This research was implemented in split plot and random complete block in Astaneh-ye-Ashrafiyeh and all experiments were repeated 3 times. The main variables were irrigation with 40, 60, 80 and 100% water requirement, 0, 30, 60 and 90 kg nitrogen added per hectare and two bean varieties were tested (local Dehsari and Cowpea). In a plot, two rows were omitted and 12 crops were chosen randomly to evaluate the seed yield. The beans were removed and dried in oven with 70 °C for 48 h. After drying, the samples were weighed with precision of 0.01 and converted to kg ha -1 . Cowpea was harvested in several turns and the average of 6 turns was evaluated. The drainage of soil moisture was considered as irrigation variable and the water requirement was considered to be 100% of Nouralinezhad et al.: Effects of irrigation and nitrogen on yield and water productivity in common bean (Phaseolus vulgaris L.) and cowpea (Vigna unguiculata L.) in north of irrigation. Other variables were calculated based on irrigation value. In order to achieve 100% irrigation, the soil moisture near crops root was calculated using Equation 1.
The soil moisture to height of root showed the farm capacity. The duration of irrigation was calculated based on receiving moisture by soil. The ө Fc is moisture percent of cultivation (%w), ө i is soil moisture (%w), ρ b is density (gr cm -3 ) and D r is effective root height (cm). The efficiency of water was determined by dividing seed yield on consuming water (Passioura, 2006) . The irrigation and consumed water in each sample during growing phase is shown in 
Results

Seed yield
The relations between bean crops and nitrogen fertilizer in seed yield in 2016 and 2017 were significant in level 5% and other changes were observed in level 1% (Tables 4 and 5) . The highest seed yield in two bean species in 100% water requirements and in 2016 and 2017, were 1700 and 1776 kg ha -1 (Fig. 1) . The highest seed yield in 30 and 60 kg N ha -1 fertilizer in 2016 was 1076 and 1173 kg ha -1 (Fig. 2) . The highest seed yield in 30 and 60 kg N ha -1 fertilizers in 2017 were 1107 and 1209 kg ha -1 (Fig. 3) . The interaction between bean crops and fertilizer in normal beans and in 60 kg N ha -1 fertilizer were 2400 and 2512 kg ha -1 (Fig. 4) . The highest seed yield in 2016 and 2017 in 100% water requirements and 60 kg N ha -1 fertilizers were 2169 and 2253 kg ha -1 (Fig. 5) . The highest seed yield in 2016 and 2017 in 100% water requirements and 60 kg N ha -1 fertilizers for common bean were 3486 and 3646 kg ha -1
( Table 6 ). 
Weight of 100 seeds
The total weight of 100 seeds in 2016 and 2017 were significant in 5% and other variables were significant in 1% ( Table 4) . The weight of 100 seeds in 2016 and 2017 were 34.7 and 36.1 g (Fig. 6 ). The highest weight of 100 seeds in 100% water requirement were 37.4 and 36.7 g in 2016 and 2017 (Fig. 7) . The highest weight of 100 seeds in 2016 and 2017 with 100% water requirement were normal (Fig. 8) . The highest weight of 100 seeds in 2016 and 2017 in 60 kg N ha -1 fertilizer were 31.1 and 30.2 g (Fig. 9) . The highest Weight of 100 seeds, considering species and Nitrogen fertilizer, in 2016 and 2017 were 40.2 and 36.6 g in 60 kg N ha -1 (Fig. 10) . The highest weight of 100 seeds in 100% water requirement and 60 kg N ha -1 fertilizer in common bean in 2016 and 2017 were 64.2 and 66.7 g ( Table 6 ). 
Number of pods per plant
The effect of varieties was not significant during two years but in other references it was 1% ( Table 4 ). The highest Number of pods per plant varieties in 100% water requirement in 2016 and 2017 were 31 and 32 (Fig. 11) . The highest number of pods in 2016 and 2017, in 100% water requirement for Cowpea were 43 and 45 (Fig. 12) . The highest number of pods in 2016 and 2017, in 30 kg N ha -1 were 27 and 26 (Fig. 13) . The highest number of pods in reaction of varieties and Nitrogen fertilizer in 2016 and 2017 were 42 and 41 in Cowpea and in 30 kg N ha -1 (Fig. 14) . The highest number of pods in 2016, in 60% and 80% water requirement and 30 and 60 kg N ha -1 were 36 and 35 (Fig. 15) . The highest number of pods in 2017, in 60% and 80% water requirement and 30 and 60 kg N ha -1 in Cowpea were 37 and 36 (Fig. 15) . 
Plant height
Plant height was significant during 2 years in 5% and other changes were significant in 1% ( Table 5 ). The maximum height of Cowpea plant in 2016 and 2017 were 95.8 and 94 cm (Fig. 16) . The maximum Plant height in bean varieties in 100% water requirement were 87 and 88.9 cm in 2016 and 2017 (Fig. 17) . Maximum plant height in bean varieties in 100% water requirement and Cowpea varieties were 104.6 and 110.6 cm in 2016 and 2017 (Fig. 18) . The maximum plant height in 2016 in 30 and 60 kg N ha -1 was 74.5 cm (Fig. 19) . The maximum plant height in 2016 in 30 and 60 kg N ha -1 fertilizer were 72 and 72.5 cm (Fig. 19) . Maximum Plant height in relations of varieties and Nitrogen fertilizer during 2 years in 30 kg N ha -1 were 101.5 and 100.1 cm (Fig. 20) . Maximum plant height in 2016 in 100% water requirement and in 30 and 60 kg N ha -1 were 98.2 and 95.7 cm (Fig. 21) . Maximum plant height in 2017 in 100% water requirement and in 30 and 60 kg N ha -1 fertilizer were 100.9 and 99 cm (Fig. 21) . Maximum plant height in 2016 and 2017 in 100% water requirement and 30 kg N ha -1 fertilizer were 116.3 and 122.2 cm for Cowpea ( Table 5) . 
Water productivity (WP)
The Water productivity on seed yield regarding to bean varieties and interaction of varieties and fertilizer in 2016 and 2017 were not significant. However, the other sources were significant in 1% ( Table 5 ). The highest efficiency of water consumption in 2016 and 2017 in 100% water requirements were 0.36 and 0.34 kg m -3 (Fig. 22) . The highest efficiency of water consumption in 2016 and 2017 for normal beans in 100% water requirement were 0.48 and 0.47 kg m -3 (Fig. 23) . The highest efficiency of water consumption in 2016 and 2017 in 60 kg N ha -1 fertilizer were 0.31 and 0.29 kg m -3
( Fig. 24) . The highest efficiency of water consumption in 2016 and 2017 was observed in 30 and 60 kg N ha -1 fertilizer and 100% water requirement (Fig. 25) . The highest Water productivity in 2016 and 2017 was observed in common bean, 100% water requirement and 60 kg N ha -1 fertilizer ( Table 6 ). 
Discussion
Beans are sensitive to soil condition and drought damage and their water consumption increases with age. Irrigation is very important in water stress and showed direct effect on yield (Korir et al., 2006) . Increase amount of Nitrogen to a determined level resulted in increase of yield (Singh, 2007) . The results showed that moisture stress resulted in decrease of seed weight. Nitrogen influenced all elements of seeds such as number and weight. Shortage of Nitrogen in plants resulted in decrease of efficiency (Lawlor, 2001 ). According to Marschner (1995) , high amount of Nitrogen in crops made them more sensitive to diseases.
Beans were sensitive to water shortage before and during flowering stage. In this step, shortage of water prevented the evolution of inflorescence and decreased the number of young pods and seeds (Singh, 2007; Lizana et al., 2006) . High level of Nitrogen had no effect on number of pods. Authors reported the loss of legume yield in drought related to decrease of pods in crops (Singh, 2007) . Long term water stress decreases the crop height. Availability of nitrogen influenced cell division and enlarged leaves (Singh, 2007) . Water shortage is the most limiting factor in bean and Cowpea production, and improving agricultural Water productivity is essential for the increased leguminous demand. Conventional irrigation cannot be sustained in arid and semi-arid areas because of the rapid depletion of water resources. It is believed that conventional irrigation is a luxury use of water and can be reduced without much effect on economic yield. Methods that may cut down irrigation are of considerable interest and should be explored. Physiological water-saving irrigation strategies especially temporal and spatial deficit irrigation have great potential to practice in Leguminous production in arid and semiarid areas. It is well established that plant Seed production depends on the amount of water used for growth as well as on water productivity. The estimation of water productivity suggests that the amount of seed produced is equal to the water used during growth multiplied by Water productivity, which thus implies that the amount of Seed increases with increasing water productivity for constant water use. Therefore, Nouralinezhad et Water productivity would be of particular interest in situations where growth is affected as a result of limiting water availability. The increased water productivity of bean and cowpea under water stress is attributed to seed production being reduced less by drought than water use.
Conclusion
The results showed that water shortage has negative influence on crop yield. The highest seed yield required 100% water and the lowest value was 40% in two varieties. The highest loss of seed yield in drought showed that supplying enough water is necessary to ensure photosynthetic elements to seeds by producing leaves and green coverage. The efficiency of water in common bean was more proper than in Cowpea. Finally based on results, it is suggested that normal beans are in priority of cultivation in studied region.
